
 

+ĽœŔőĽŋ 0ŘōœŇŁœňĿ 

ŋŁōŀŁŀ 

#ŁőőŎŔŒ 
+ŎōӉ#ŁőőŎŔŒ 

+ĽœŔőĽŋ 

%ĽőŀŖŎŎŀ 

0ŎłœŖŎŎŀ 

¶ Biomimetics 
¶ Electroluminescent Material 
¶ Micro Encapsulation 
¶ Photochromic Pigment 
¶ Polymorph 
¶ Quantum Tunnelling Composite 
(QTC) 

¶ Shape Memory  
Alloy (SMA) 

¶ Thermochromic  
Pigment 

¶ Carbon Fibre 
Reinforced Polymer 
(CRFP) 

¶ Kevlar  

¶ Glass 
Reinforced 
Plastic (GRP) 

¶ Breathable fabrics 
¶ Geotextiles 
¶ Interactive textiles 
¶ Microfibres 
¶ Nomex 
¶ Phase Changing 
Materials 

¶ Sun-Protective  
Clothing 
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The Industrial Revolution (1760-1840) gave us Steam Power 
which led to new machinery & manufacturing equipment 
being made. This allowed us to make products more 
quickly and efficiently! The use of electricity in the 
late eighteenth century led to products being Mass 
Produced on Assembly Lines. 

MASS 
PRODUCED 

When hundreds or 
thousands of identical 
products are 
manufactured on a 
production line 

ASSEMBLY 
LINES 

A line of equipment/
machinery manned by 
works who assemble a 
product as it passes 
along the line 

AUTOMATED  
PRODUCTION 

The use of computer 
controlled equipment 
in manufacturing 

Developments in technology, including better 
materials, components or manufacturing methods 

can also lead to the development of new  
products. This is called technology push. 

Some products are developed from market 
research. When market research uncovers a  
need for a new product or a demand for an 
improved existing product this is called  
market pull. 

FOR EXAMPLE: As mobile phones became more popular, consumers 

demanded new features and functionalities such as a camera, internet 

access etc. this is an example of market pull. As technology developed new 

mobile phones came out with better functionality e.g. use of graphene to 

create touch screens, this is an examples of technology push. 

A products life cycle  
is a marketing strategy  
that looks at the four main  

stages that a product goes through.  

INTRODUCTION 
Following an advertising campaign, 
the new product is introduced to 
the market 

GROWTH 
Sales will grow as consumers hear 
about the product and buy it 

MATURITY Sales are at their peek 

DECLINE 

Sales begin to fall as most 
interested consumers own the 
product or a new product has 
replaced it 

Some products maintain good sales for  
many years whereas fad products  
become popular very quickly  

and decline quickly. 

Designers and manufacturers respond to 
customer choice by developing products 
that specifically meet the needs of 

consumers. Many people only want to buy 
products with the latest technology. 

Manufacturing 
costs can be 
reduced 
through 
automation 

Automation leads 
to job losses 

Workers 
overseas 
paid low 
wages 

When buying products consumers have certain rights.  
protects people when they are 

buying any kind of product including digital products, online 
shopping and contracts such as phone contracts. The law states 
that all goods should be as described and be fit for purpose. 
Customers are protected against faulty or counterfeit products 
and poor service e.g. problems with builders etc. Consumers can 

request a refund, repair or a replacement. 

Computer Aided Design  
& Computer Aided 

Manufacture has had a huge 
impact on industry and 
enterprise. For more 
information please see  
the CAD/CAM  
knowledge  
organiser 
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Designers MUST take the  
environment into consideration when making decisions e.g. 

Choosing environmentally friendly materials 

Using low energy manufacturing processes 

Making products that are easily recyclable 

Reducing the amount of packaging 

Using recycled / recyclable packaging 

Better build quality to make products last longer 

Use local manufacturers to reduce transportation 

Avoiding products with a short life cycle 

Replace LED lights with filament lamps 

Considering fairtrade products 

Is the amount of carbon 
dioxide that is released into 
the atmosphere as a result  
of human activity including 
the manufacturing of 
products. 

: e.g. 
household appliances ôplugged inõ 

rechargeable batteries, solar 
powered batteries, non-renewable 
batteries 

: Electric cars have 
rechargeable batteries and do not 
produce emissions, although the 

power to charge 
them comes 
from fossil 
fuels 

Is a measure of the impact 
that human activity has  
on the environment.  
The products we  
use, the food we  
eat, the waste  
we generate  
and the way  
we live all  
contribute  
to our  
ecological  
footprint. 

Fairtrade sets up partnership 
schemes between producers, 
businesses and consumers. 
Standards are that must be  
followed to ensure that 
workers are given fair  
wages, conditions for  
workers are satisfactory  
and no-one is exploited. 

 

are non-polluting and 
considered better for the environment, however there are  

and . 
¶ Initial outlay for equipment is expensive however following 
installation free energy is produced. 

¶ Wind farms and solar power depend on weather conditions and 
some people find them unsightly. 

¶ In order to build dams for hydroelectric power valleys and rural 
areas are flooded which can damage the natural habitat 

¶ Geothermal energy units are expensive and rely on the 
underground rocks being hot near the surface 

¶ Manufacturers are investing in renewable energy which is more 
ethical and should reduce energy bills. 

An LCA looks at the 
environmental  
impact of a product 
throughout its  
entire life: from  
the source of the 
materials, through 
its useful life to  
its disposal and 
potential rebirth  
as a new product. 

Shown here is  
an example of a  
Life Cycle Analysis 
of a cotton T-Shirt 

REUSE 
Can any part be 
used again 
after it is no 
longer needed? 

REPAIR 
Can this 
product be 

fixed easily if it 
breaks? Can the 
parts be 

replaced easily? RECYCLE 
Can the product be 
processed and then 
used again after it 
is no longer needed. 
Can the materials 
be separated 
easily? 

REDUCE 
Can the number of 
parts or materials 
be lessened? Can 
the packaging be 
made less?  

Energy is needed  
to manufacture products,  
process materials and power  
products and systems 

 

Coal 
 
Oil 
 
Nuclear 
 
Gas 

 
Wind 
 
Solar 
 
Geothermal 
 
Hydroelectric 
 
Wood/Biomass 
 
Wave 

Non-Renewable energy sources 
use fossil fuels that contribute 
towards global warming. Fossil 
fuels cannot be replaced and 
will eventually run out.  

WAYS OF STORING ENERGY: 

RETHINK 
Is there a better  
way of making the 
product, that is less 
harmful to the 
environment? Can 
the design be 

simplified to make 
manufacturing 
easier? 

REFUSE 
Consumers might  

not buy the product if 
it is not environmentally 
friendly . Where will it 
be made, what is the 
conditions for  
workers? Is the 
product  
unethical? 
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3D printing uses a roll  
or spool of filament (PLA) 
which is heated and then ex-
truded through the printer head. It 
builds up the design in layers. 

A product is designed using a 3D 
CAD software then loaded onto the 
3D printer where it can be printed 

PLA Filament Spool 

V Easy to make changes to design 
V Easy to fix problems on design 
V Allows designers to show how products will 
look and perform in different situations 

V Can share work over the internet 

 
Computer Aided Design 

 

 
Computer Aided Manufacture 

All aspects of  
developing a  
design from the  
first ideas through to  
3D models can be done on CAD 

CAM Examples: 

CAM machinery can manufacture products 
and components directly from CAD drawings. 

V High volumes of identical products can be made 
V Products can be made with consistent quality 
V Efficient 
V Machines can run for long periods without breaks 

V Initial set up costs can be high 
V Loss of employmentñmachines taking peoples jobs 
V On-going maintenance costs 
V Technological failure 

Laser Cutters use a laser beam 
to cut through material. 
Material can also be engraved. 
Intricate patterns 
can  
be cut out from a 
variety of materials. 

WORKS WITH:  

WORKS WITH: 
&

Works with:  
CAD drawings are cut from  
a roll of self adhesive vinyl.  

A rotating router cutter 
follows a CAD drawing  
to cut a path or shape.  
Can cut different depths. 

Designs  
can be embroidered 
directly onto fabrics  
from a CAD drawing 

CAD Examples: 

Photoshop   

Technology that allows designers 
to share content via the internet 

A computer-based design  
process that generates a 
number of possibilities 

A logical computer-
based procedure for 
solving a problem 

2D Design 

Sketchup 

AutoCAD 

TinkerCAD 

OnShape 

V High set up costs 
V Requires training 
V Work can be lost through computer 
failure or virus 

Computer controlled manufacture 
of a 3D object by adding materials 

together layer by layer 
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Materials that react to a change in their environment 

When two or more materials 
are joined together to create  
a new enhanced material 

SMART MATERIAL DEFINITION 

ELECTROLUMINESCENT 
MATERIAL 

Materials that provide light  
when exposed to a current.  

QUANTUM TUNNELLING 
COMPOSITE (QTC) 

Materials that can change  
from conductors to insulators  
when under pressure 

SHAPE MEMORY ALLOY 
(SMA) 

SMAs return to their original  
shape when they are heated.  
Nitinol is a common SMA 

POLYMORPH 

A thermoforming polymer that  
comes in granules. When it is  
heated in water 62Ác it softens  
and can then be moulded and shaped 

BIOMIMETICS 
Taking ideas from and  
mimicking nature 

THERMOCHROMIC 
PIGMENT 

Change colour in response  
to changes in heat 

MICRO ENCAPSULATION 

Tiny microscopic droplets  
containing various substances  
applied to fibers, yarns and  
materials  including paper and card. 

PHOTOCHROMIC PIGMENT 
Change colour in response  
to changes in light 

TECHNICAL TEXTILE DEFINITION 

INTERACTIVE TEXTILES 
Fabrics that contain devices or circuits that 
respond and react with the user 

MICROFIBRES 
Tiny fibers about 100 times thinner  
than a human hair when under pressure 

PHASE CHANGING 
MATERIALS 

Encapsulated droplets on fibres and  
materials that change between liquid  
and solid within a temperature range. 

BREATHABLE FABRICS 

For example Gore-tex consist of three or more 
fabrics laminated together with a breathable 
membrane in the middle. Allows for warm  
air to permeate through but larger rain  
droplets and wind cannot enter. 

SUN PROTECTIVE 
CLOTHING 

Clothes made from tightly woven or knitted fabrics 
that block out the suns rays. Elastane fibres  
in fabric make it even more protective. 

NOMEX 
Nomex is an aramid fibre that is non  
flammable and heat resistant and is at  
least 60 times stronger than nylon 

RHOVYL 
Rhovyl is a non flammable, synthetic fibre that is 
crease resistant, has good thermal and acoustic 
properties and it antibacterial and comfortable. 

GEOTEXTILES 
Textiles associated with soil,  
construction and drainage 

CARBON FIBRE  
REINFORCED POYLMER 

KEVLAR 
GLASS REINFORCED  

PLASTIC 

C
O
M
P
O
S
I
T
E

 

CFRP consists of woven  
carbon fibre strands  
encased in polymer resin,  
this makes it very strong  
and lightweight. Example  
use: sports equipment. 

Kevlar s lightweight,  
flexible, and durable it  
has excellent resistance  
to heat, corrosion and  
chemical damage.  
Example use; body  
armour.  

GRP is a composite of  
glass fibres and  
polyester resin. The  
glass fibres create  
rigidity and the resin  
makes it tough and  
lightweight. Example use: surfboards. 

Developments in science and engineering lead to changes in materials  
technology. There are now a range of smart materials, composites and  

technical textiles with impressive properties... 

Engineered with specific performance characteristics for a particular function 



 

 

 

In a series circuit, components are  
connected one after  
another on the same  
loop of the circuit.  
On a parallel circuit,  
components are  
connected on separate  
loops and the current  
is shared. An advantage 
of this is that if one  
lamp breaks in a  
parallel circuit the  
other will still work. 

A system is a set of 
parts which work 
together to  
provide  
functionality  
to a product. 

Resistors are measured in ohms. Ohms can 
be written as: Ł or R. 1 Ohm = 1Ł or 1R,  
1000Ł = 1K and 1,000,000Ł = 1M.  

All resistors have different coloured bands 
on them which tells us how much a resistor 
is worth or how much resistance it offers. 

A resistor is an electrical  
   component that limits  
       or regulates the flow of electrical current in an            
           electronic  
                circuit. 

Feedback in a 
system is when a 
signal from the 
output is taken  
and fed back  
into the input 

Electronic  
systems are used to   
 provide functionality  

to products and processes. 

A subsystem is the interconnected parts of a system 

Electronic systems can be communicated 
in graphical ways using different 
techniques, including: 

Block diagrams show how the  
subsystems are connected: 

A circuit 
diagram is a 
visual 
representation 
of an electrical 
circuit, using 
symbols and 
lines to show 
how components 
are connected  

Symbol      

Name 
Start/ 
End Arrows 

Input/
Output 

Process Decision 

   

  

Solder is 
an alloy 
with a low 
melting 
point 

LDR 
(Light Dependant Resistor) 
An analogue sensor used  
           to sense light. When      
           exposed to light the  
          resistance decreases. 
     Examples: LDRs are  

used in  
streetlamps,  
nightlights etc. 

THERMISTOR 

There are 2 types of 
Thermistor: NTC (Negative 
temperature Coefficient) where    
           the resistance falls as  
             temperature increases.  

      And PTC (Positive  
          Temperature coefficient)   
            where the resistance  
           falls as temperature    
          increases. Examples:  
         Thermistors are used  
           in ovens, thermostats, 

and car engines 

SWITCHES 

THERMISTOR 

MICROPHONE 
SOLAR 
CELL 

SENSORS 

KEYPAD 

LDR 

 
Input devices include: 

MOTOR 
SPEAKER 

BUZZER 

LAMP 
LED 

(LIGHT EMITTING DIODE) 

 
Output devices include: 

Flow charts are a 
graphical way of  

showing a program. Standard symbols are used in flow charts. 

 
The process subsystem receives signals  

       from the inputs and responds in a specific way 
to control the output. An example of a process 
subsystem would be a microcontroller, 

microprocessor or computer. Process devices can 
perform different functions such as  
counting, switching and timing. 

 
  A microcontroller is a miniaturized  
         computer, programmed to            

                 perform a specific task. It  
                   is embedded into products          

         such as toasters,  
               microwaves, TVs  

     and Cars. 

Heat the Joint  - Feed the solder - Remove the solder - Remove the heat 

Two 
soldering 
types: 
Surface 
Mount & 
Through 
Hole 

Tips for soldering: 
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¶ Rotational speed is measured in ôrevolutions per minute (rpm)õ 
or sometimes ôrevolutions per second. To convert rps into rpm, 
multiply by 60. 

¶ Speed is measured in various units including metres per 
second (ms-1 ), kilometres per hour (km h-1) or millimetres 
per second (mm s-1) 

Movement in a circular  
path e.g. wheels & electric motors 

Movement in a straight line e.g. cars 
and conveyor 
belts 

Movement back and forth in a circular path e.g. 
an electric toothbrush head or a pendulum 

Rotational 
Speed  

Number of Revolutions 
Time Taken 

= 

Linear 
Speed  

Distance Travelled 
Time Taken 

= 

Movement back and forth in a straight line e.g. a needle on a 
sewing machine or a jigsaw blade 

Frequency (oscillation speed) Number of Oscillations 
Time Taken 

= 

Oscillating and Reciprocating motion: 

There are four types of motion: 

Mechanical systems  
can produce different  
types of movement. 

Mechanical systems can change  
the size and direction of forces and  

movement. 

A mechanical system will take an input  
force (or motion) and process it to  
produce an output force (or motion) 

A force is a push, a pull or a twist. 

A simple mechanism trades  
off forces against  
distances moved.  
If one increases  
then the other  
decreases. 

      A lever is a rigid   
      bar that pivots on  
       a fulcrum. The  
      input force is called      
      the effort and the  
      output force is  
     called the load. 

Examples include: Seesaws & Bicycle brakes 

Gear systems  
transfer  
rotary motion. 
A simple gear  
train consists  
of two spur gears, which are 
wheels which interlock with 
teeth around their edge. The 
input gear is called the driver 
gear. The output gear is 
called the driven gear. The 
two gears will rotate in 
opposite directions and the 
smaller gear will rotate 
faster than the larger gear. 

Examples uses:  
cordless drills, & clocks 

movement to where they are needed. A simple 
pulley changes the direction of motion of a cord. 
A reverse motion linkage will reverse the 
direction of an input motion. A bell crank will  

A linkage is used to 
direct forces and  

 
      transfer a motion  around a corner. A peg and slot converts  
rotary motion into oscillating motion. A crank and slider converts  
rotary motion into reciprocating motion.  

Examples uses: Bicycle brakes and car engine pistons 
A cam and  

follower converts 
rotary motion 

into reciprocating 
motion. 

A snail cam 
causes the 
follower to 
steadily  
rise,  

Examples uses: toys, 
machinery and engines 

A pulley and belt drive transfers 
 rotary motion, like  gear system.  
The input and output pulleys can  
be separated by a large distance by using a long belt. 
The smaller pulley will rotate faster than the larger 
pulley and he will rotate in the same direction. 

Examples uses: washing machines, & car engines 

A rack and pinion converts rotary  
   motion into linear motion. 

Examples uses: stairlifts and sliding doors 

A pear shaped cam creates a sudden rise and 
fall followed by a long period where the follower 
does not move. The eccentric cam creates an 
even rise and fall motion throughout its 
rotation. 
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Hardwoods come from              trees. 
Deciduous trees have broad flat leaves that fall  
off the trees in autumn. Hardwoods are generally 
harder, more expensive, More durable and take  
longer to grow than softwoods. 

Timber ca be supplied as dowelling which  
are cylindrical rods and decorative mouldings which are very 
useful for products such as picture frames 

Hardwood Image Properties Common Uses 

Jelutong 

 ¶ Close grained 
¶ Pale Colour 
¶ Medium hardness & toughness 
¶ Easily worked 

¶ Pattern Making 

Birch 
 ¶ Even grain 

¶ Easy to cut and shape 
¶ Liable to rot and insect attacks 

¶ Furniture 

Beech 

 ¶ Hard & strong 
¶ Close grained 
¶ Light brown colour with 
distinctive flecks of brown 
¶ Prone to warping and splitting 
¶ Can be difficult to work with 

¶ Furniture 
¶ Children's toys 
¶ Tool handles 
¶ Bench tops 

Mahogany 

 ¶ Strong &durable 
¶ Deep reddish colour 
¶ Available in wide planks 
¶ Can have interlocking grain 
¶ Fairly easy to work 
¶ Expensive 

¶ Good quality furniture 
¶ Panelling 
¶ veneers 

Oak 
 ¶ Hard, tough & durable 

¶ Open grained 
¶ Can be finished to a high 
standard 

¶ Timber framed 
buildings 
¶ High quality furniture 
¶ flooring 

Balsa 

 ¶ Lightweight & Soft 
¶ Easily worked 
¶ Pale in colour 
¶ Week and not very durable 

¶ Model making 
¶ Floats & rafts 

Ash 

 ¶ Strong & flexible 
¶ Finishes well 
¶ Liable to rot and insect attacks 

¶ Ladders 
¶ Tool handles 
¶ Walking sticks 
¶ Equipment e.g. oars 

Softwood Image Properties Common Uses 

Western red 
cedar 

 ¶ Resistant to weathering & decay 
¶ Light reddish brown colour 
¶ Close, straight grain 
¶ Easily worked 

¶ Fencing 
¶ Fence posts 
¶ Cladding 

Scots Pine 

 ¶ Straight grained 
¶ Light yellow colour 
¶ Soft & Easy to work 
¶ Can be quite knotty 

¶ Interior Joiner 
¶ Furniture 
¶ Window frames 

Parana Pine 
 ¶ Distinctive open grain 

¶ Contains few knots 
¶ Strong & durable 

¶ Internal Joinery 
¶ Staircases 

Larch 
 ¶ Durable 

¶ Resistant to water 
¶ Expensive 

¶ Exterior cladding 
¶ Boats 
¶ Fence posts 

 
Softwoods come from                            trees. Coniferous trees have 
needle type leaves which they keep all year round (Evergreen). 
Softwoods are generally easier to work with and are considered more 
sustainable as they grow faster than hardwoods. 

The process of  
cutting down trees  

Seasoning is  
reducing the 
timbers 
moisture 

content. Timber can be Air Seasoned  
(which takes longer) or Kiln Seasoned  

When timber is 
allowed to dry out in 
an uncontrolled way 
it can develop 
defects such as 
shrinkage, shakes, 
splits, knots and 
fungal attacks 

Kiln Seasoning Air Seasoning 

Organisations like the 
Forest Stewardship 
Council make sure 
forests are correctly 
managed to avoid  
      deforestation 

Newly felled 
timber containing 
lots of moisture  

BUTT JOINT 

BISCUIT JOINT 

DOVETAIL 
JOINT 

TONGUE & 
GROOVE  
JOINT 

DOWEL JOINT 

FINGER JOINT 

Deforestation is when the  
cutting down of trees leads to  
fertile soil being washed away  
 resulting in a barren landscape.  

HOUSING 
JOINT 

MITRE  
JOINT 

BRIDLE  
JOINT 

LAP  
JOINT 

MORTISE & 
TENON JOINT 
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V   Available in  

much larger sheets  

than natural timber  

V Consistent properties  
across whole board 

V More stable and less likely  
to warp, shrink or twist than  
natural timbers 

V Make use of lower  
grade timber so can  
have environmental  
and economic benefits 

V Can be faced with a  
veneer or a laminate to  
improve their appearance 

V Well suited to CNC machining 
and  volume production 

A range of products can be made  
at once (2-100). Materials can  
be purchased in bulk which  
reduces cost. Machinery can be  
set up to manufacture in quantity  

              which saves time.  

NAME IMAGE DESCRIPTION PROPERTIES 

 Made from compressed  

fine wood fibres  bonded 

together with resin 

This board is relatively 

inexpensive and has a flat 

sooth surface 

 
Made from wood veneers glued 

together with alternating grain 

Very strong, with a flat, 

smooth surface 

 Made from wood chips bonded 

together with resin 

Inexpensive construction 

material, limited strength 

 
Made from compressed fine 

wood fibres bonded together 

with resin. Has one smooth side 

Very inexpensive materials 

used for drawer bases and 

backs of wardrobes 

A thin sheet of natural  
timber used to cover  
manufactured board 

Made by gluing large sheets 
or veneers together e.g. 
plywood and blockboard 

Made by gluing particles, chips or 
flakes together under pressure e.g. 
MDF, hardboard and chipboard 

Timber ca be supplied as dowelling which  
are cylindrical rods and decorative mouldings which are very 
useful for products such as picture frames 

       Used to make bespoke  
products, products are  
manufactured by skilled  
workers and are high quality.  
This process is expensive and time consuming. 

The industrial-scale manufacture 
of large quantities of products, 
usually on a production line.  

                  Products are made       
                continuously 24 hours  
            a day, 7 days a week. 
The process can be automated  
which deskills the workers  
and reduces jobs. Initial  
setup costs are high. 

Timbers can be worked in a number of ways to produce a quality 
prototype. Techniques that can be used with timber include: 

MARKING OUT, SAWING, SHAPING, DRILLING,  
JOINING, ADHESIVES, USE OF WOODSCREWS AND  
KNOCK DOWN FITTINGS, LAMINATION & STEAM  

BENDING, CAM, VENEERING, WASTAGE AND  
ADDITION, DEFORMING & REFORMING 

The standard shapes and sizes of materials that  
are commonly available. Manufactured boards  
typically come in 2440mm Ĭ 1220mm, and  
1220mm Ĭ 610mm sheets. They are also available  
in a range of thicknesses between 1mm and 40mm  

Surface finishes are applied to timber to protect the 
material and enhance its appearance and durability.  
The timber must be fully prepared e.g. sanded and 
cleaned before any finishes can be applied. Finishing 

techniques include: 

   STAIN  
VARNISH 
PAINTS  

OIL  
WAX  

 

JIT Manufacturing is where  
the correct amount of materials  
     are ordered and these arrive  
          just as they are needed by  
               production. This saves  
                     money on storage,  
                              and reduces waste. 


